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An  Anatomy  of  a Warning  Aircraft 
Chao  Shu-min 

We  already  know  that  an  aircraft  which  carries  a huge  disk  on  its 
back  is  a warning  aircraft.  What  is  inside  the  disk?  What  is  the  effect 
of  the  disk  on  the  aircraft  and  its  filght?  What  is  inside  the  body  of 
the  aircraft  which  is  of  the  size  of  a transport  plane?  We  are  now  trying 
to  answer  these  questions  by  anatomizing  a warning  aircraft. 

Aircrafts  like  to  have  a smart  looking  and  their  appearance  is  always 
streamlined  and  smooth.  It  is  strange, however,  a warning  aircraft, contrary 
to  most  of  others,  canstantly  carries  a huge  disk,  which  makes  a clumsily 
outstanding  feature  of  a warning  aircraft.  We  now  begin  our  anatomy 
with  this  clumsy  disk. 


Figure  1 


Secret  of  The  Disk 

Strinping  off  the  cover  of  the  disk,  we  can  see  inside  it  nothing 
mysterious  but  many  sets  of  antennae.  For  carrying  out  its  duties  of 
reconnaisance  and  direct ion, antenna  is  indispensable  to  a warning  aircraft. 
There  are  antennae  which  are  responsible  for  watching  radar  and  others 
which  are  assigned  to  identify  enemy,  and  there  are  also  antenna  auxiliary 
apparatuses.  So  people  give  such  a disk  a name  of  radar-antenna  cover. 


In  fact,  not  every  radar-antenna  cover  looks  like  a round  plate. 


many  of  them  are  of  convex  shape  or  an  ellips,but  most  of  them  are  in  the 
shape  of  round  plate.  The  corss-section  of  a disk  shows  similar  shape  to  that 
of  an  airfoil,  but  their  positions  on  an  aircraft  are  different.  The  size 
of  radar-antenna  cover  varies  from  different  aircrafts.  Because  it  must  be 
set  up  on  an  aircraft,  for  not  jeopardizing  its  application,  its  size  is 
the  smaller  the  better.  For  minimizing  its  weight,  the  thickness  of  its 
walls  is  not  even.  According  to  the  requirement  of  its  supporting  force,  the 
central  part  is  made  thicker  than  marginal  part.  In  order  not  to  affect 
the  electric  waves  emitted  from  the  antenna,  the  radar-antenna  cover  is  not 
made  of  metal  but  a kind  of  glass  steel. 

There  are  two  different  kinds  of  radar-antenna  covers:  the  fixed  one 
aid  the  spinning  one.  On  the  warning  aircraft  of  earlier  days,  the  radar- 
antenna  cover  is  fixed,  such  as  on  EC-121.  Later  it  becomes  spinning.  The 
operation  of  a fixed  radar-antenna  cover  is  that  the  antenna  spins  within 
the  cover  to  make  search,  and  the  operation  of  a.  spinning  one  is  that  the 
antenna  is  fixed  in  the  cover  and  it  spins  to  make  search  following  the 
spinning  of  the  cover.  The  spinning  speed  is  six  rounds  per  second,  and  the 
search  direction  is  360°,  except  for  some  special  sector  search. 

Warning  Aircraft  and  Transport  Plane 
By  appearance,  a warning  aircraft  looks  like  a product  of  a combination 
of  a large  aircraft  and  a huge  disk,  in  other  words,  it  looks  like  a 
combination  of  a transport  plane  and  radar-antenna  cover.  Except  for  the 
US  war  ing  aircraft  E-2A,  which  is  specially  desinged,  all  of  the  rest  are, 
in  fact*  transformed  from  transport  planes. 
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Why  are  they  trans  'ormed  from  transport  planes, not  other  type  of 
aircrafts?  We  know  that  the  missions  of  a warning  aircraft  require  it  able 
to  ma  e long  time  flight.  This  means  that  it  is  required  to  have  good  ability 
to  make  continuous  flight.  This  is  the  special  ability  of  a transport  plane. 
It  can  not  only  make  continuous  flight  and  can  also  carry  a great  amount  of 
fuel.  Moreover,  a warning  aircraft  carries  radar,  radio  equipment,  and 
equipment  for  data  processing,  display,  operation  and  control,  and  all  these 
require  a plane  with  a large  stomach.  A transport  plane  just  has  such  a 
characteristic.  So,  no  wonder  most  of  the  warning  aircrafts  are  transformed 
from  transport  planes,  and  their  technological  requirements  are  similar, too. 
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Figure  2 


a.  radar  antenna  b. 
c.  radar  receiver  and  signal  d. 

processor  f. 
e.  control  and  display  h. 
g.  data  processor  i. 
j.  aviation  electronic  equipment  k. 
1.  electricity  source  m. 
n.  navigation  and  recogniyion  o. 
p.  auxilary  electricity  source  q. 
r.  enemy  recognition  antenna 


communication  antenna 
radar  maintenance  station 
computer  and  operation  stand 
communication  equipment 
communication  control  stand 
communication  equipment 
communication  equipment 
radar  emitter 
communication  antenna 


There  is  seme  relationship,  but  they  ere  not  equivalent. 
Addition  of  a radar  antenna  done  leads  to  some  changes  in  the 
aircraft  itself.  The  U.S.  advanced-warning  airplane  E-IB,  which 
is  converted  from  the  C-l  transport  plane, hag  ° done  (9.75  meters) 
th  t is  relatively  long  compared  to  the  body  (19.8  meters).  As  the 
done  is  low,  a narrow  section- 1 tubular  flow  forms  between  the 

dome  and  the  aircraft  body,  creating  an  unfavorable  aerodynamic 

effect.  Consequently,  the  upper  surface  of  the  body  is  made  planar 
such  that  air  can  flow  without  hindrance  between  the  surface  and 
the  planar  bottom  of  the  dome.  To  avoid  the  tail  flow  of  the  dome 
from  effecting  the  aerodynamics  of  the  vertical  tail,  the  single 
tail  is  changed  into  a doubl  vertical  tail.  In  the  case  of  E-PA, 
the  tail  assembly  is  mad  up  of  four  small  ones , as  shown  'n  figure  1 
Toughened  miser;  is  used  to  avoid  interference  with  the  radar. 

Pow  does  the  l^rge  dome  effect  the  flight  performance?  The 
dome  and  its  support  structure  increase  the  air  resistance  thereby 

reducing  the  maximum  speed  of  the  plane  by  about  10%.  In  flight 

the  dome  also  generates  a lift  force  ecual  to  its  own  weight  so 
that  the  load,  fsetor  is  not  affected.  Actual  performance  hr's 
proven  that  the  maneuverability  and  stability  of  the  plane  are 
not  affected  to  any  mreat  extent. 

Advanced-warning  aircrafts  generally  can  r fuel  in  midair 
as  they  require  even  longer  cruising  ability  than  transport  aircrafts 
Some  of  the  advanced-warning  aircrafts  increase  the  size  of 
their  fuel  tanks  or  change  to  engines  which  can  produce  larger 
thrust  and  lower  the  fuel  consumption. 

Surveillance  and  Command 

Except  for  some  necessary  eouioment  for  the  crew,  the  body 
of  an  advanced-wamina-  aircraft  is  entirely  token  up  by  radar, 
electronic eouinments,  analysis  end  display  systems , control 
units  and  some  ?ccnsroT'l‘es,  a~  indie  tel  i.n  f' * gurv 


An  Amusing  Story  of  The  Physics  of 
an  Aircraft  Taking-off  and  Landing 

Wei  Hai-tung  and  Chang  Tai-ch'ang 


In  a civil  airfield,  there  is  a silvery  white  plane, which  is  loading 
and  ready  to  take  off,  and  at  the  same  time,  there  are  planes  one  after 

the  other  coming  to  land  on  the  field.  When  a landing  plane  has  touched 

taxi 

ground,  it  begins  to  and  stops  in  front  of  the  waiting  building.  In 

passengers 

a moment,^  and  their  bar-gapes  come  out  of  the  plane  and  there  it 

becomes  a busy  and  bustling  spot  of  the  field.  On  the  platform  of  the 
waiting  building,  there  is  a group  of  youngsters  and  each  of  them  has  a 
red  guard  armband  on  his  or  her  arm.  They  are  young  scientists  and  technologists 
and  they  add  a lively  scene  to  the  airfield.  While  they  are  watching  the 

planes  taking-off  or  landing,  they  noisely  ask  the  guide  various  questions, 

taxi 

such  as  " Why  must  a plane  ^ before  taking-off  or  landing?  Why  does  some 


taxi 


taxi. 


plane  ^ so  long  befor  it  can  stop  and  can  the  ^ be  shortened?"  The 
puide  did  not  answer  those  questions,  instead  the  youngsters  are  asked  to 
recollect  what  they  have  studied  from  the  physics  classes  and  to  discuss 
and  conclude  answers  to  .their  questions  by  themselves. 


Why  does  taking-off  or  landing  require  taxiing 

But  the  guide  randomly  picked  up  a piece  of  a broken  brick  and  with 
speed 

a controlled  * threw  it  out.  The  piece  of  broken  brick  following  a para-curve 
fell  on  the  ground  and  broke  into  smaller  pieces.  Then  the  guide  took  a 
model  airplane  and  at  the  same  speed  level  threw  it  out.  The  model  plane 
after  a long  distance  of  gliding  gently  touched  the  ground.  It  seems  that 
the  model  plane  was  held  by  a invisible  hand,  so  the  track  of  its  movement 
is  different  from  that  of  the  piece  of  broken  brick.  One  of  the  youngsters f 


without  waiting  for  the  guide's  question,  volunteered  his  explanation  by- 
saying,  "It  is  because  that  the  model  plane  has  wings  and  the  wing  can 
produce  climbing  force.”  ”You  only  tell  us  half  of  the  truth,”  said  the 
guide  smilingly,  ” for  being  able  to  fly  in  the  air,  not  only  must  a plane 
have  wings,  which  can  produce  climbing  force,  and  the  flying  speed  must  also 
be  great  enough  to  enable  the  climbing  force  produced  by  the  wings  to  stand 
against  the  gravity  of  the  plane  itself.  Come  on,  let's  see  a demonstration 
on  the  analogous . flight  practice  stand”. 

Soon  they  entered  into  a large  room,  and  inside  it  there  is  a 

represents 

simulant  plane,  which  ^ only  the  front  half  of  a plane,  and  it  is 

supported  on  a stand  that  is  complidatedly  composed  of  pipes,  through 
which  liquid  pressure  is  used  for  operation.  The  equipment  in  the  pilot's 
cabin  shows  no  di^erence  from  a real  plane,  and  a piece  of  farmland  can 
be  seen  through  the  windsheild  glass.  But  the  farmland  is  not  real  and  it 
is  reflected  on  a large  television  screen  which. stands  in  the  front  of  the 
simulant  plane.  A pilot  is  demonstrating  the  operation  of  taking-off  and 
landing.  On  the  screen,  a runway  in  an  airfield  appears, and  the  pilot  is 
slowly  closing  the  fuel  gate  so  he  comes  closer  and  closer  to  the  ground  . 
When  the  guide  shouted  to  the  pilot  saying  ”Please  close  the  fuel  gate”, 
the  pilot  so  did.  Then  the  engine  comes  into  a state  of  slow  motion  and 
the  speed  indicator  shows  from  300km  per  hour  to  100km  per  hour.  At  this 
time,  the  plane  begins  to  shake. 


The  alarm  sounded!  The  red  light  on  the  display  panel  lit 
up  ' ith  the  warning  signal  " Lost  of  speed!  Danger!  " "Pine;!" 

" T le  nlane  nos  gone  down!  " While  the  students  looked  startled, 
the  instructor  laughed,  " Don't  worry.  This  is  just  a demonstration 
on  the  flight  simulator.  As  s plane  approaches  landing,  the 
landing  snerd  must  be  such  that  the  lift  is  eousl  to  the  gravity. 
Only  then  can  the  nl^ne  attain  a safe  and  soft  lending.  In  an 
actual  flight,  the  incorrect  landing  procedure  that  we  just 
demonstrated  cannot  be  allowed.  Otherwise  the  nl^ne  will  fall  like 
a niece  of  rock." 

Only  when  the  lift  exceeds  the  gravitational  force  can  the 
airplane  leaves  the  ground.  Similarly,  as  the  airplane  descends, 
it  must  still  have  sufficient  speed  so  as  to  reduce  the  lift 
gradually  in  order  to  attain  soft  landing.  Therefore  take-off 
run  and  landing  run  are  needed.  During  take-off,  the  run  increases 
speed  unt-5  1 the  airrlene  reaches  the  lift-off  speed.  On  landing, 
the  run  reduces  speed  and  momentum,  eventually  halting  the 
airnlrne . 


”ow  Long  is  the  Dun 

Parly- '.odel  oirul«ne  usually  had  large  wings.  Sufficient 
lift  force  i 'tt'inrd  under  very  small  speed.  Hence  the  run  is 
usually  o ly  in  t ns  of  meters.  7ven  the  biolanes  used  for 
agricultural  purposes  require  a run  of  about  a hundred  and  seventy 
meters  only.  'odern  high  sneed  airplanes  Vrve  small  and  thin 
wings.  Their  take-off  and  landing  reruire  higher  speed  rnd  hence 
longer  runways.  Por  example,  the  maximum  sneed  of  YG-21  is  ?100 
kilometers  per  hour,  its  lending  speed  is  ?90  kilometers  per  hour 
and  the  run  required  is  1P00  to  1300  meters  long;  while  the  Soviet 
commercial  airnlane  Ilyushin  6?  has  a flight  sneed  of  900  kilometers 


per  hour,  its  larger  mass  results  in  a slower  acceleration  so  tir  1 
the  run  cen  be  as  lonr  as  ?750  meters. 

How  to  Reduce  the  Run  Distance 

If  we  snuroximate  the  run  as  a constant-acceleration  ( deceler- 
ation) motion,  the  distance  is  given  by  the  formula : 

1 = V t + i at? 
o d 

where  I = distance  of  run 

V = initial  sneed  (V  eouals  0 durinm  take-off:  on  landing, 

o o 

V equals  the  olane  sneed  when  it  touches  the  wround) 
o 

a = acceleration  (deceleration) 

t = time  of  run 

From  this  formula,  one  sees  that  the  shorter  the  run  time,  the 
shorter  the  run  distance.  How  to  reduce  the  run  time?  The  sneed 
at  the  nd  of  the  run,  V^,,  is  given  by 

V Vo  + st 

where  Vr  equals  0 on  landing  and  during  take-off,  it  i°  the  lift- 
off sneed.  Hence  a short  run  time  is  obtained  with  a s^all  V~  on 
t-ke-off,  a small  VQ  on  landinr  and  a large  acceleratin'  (deceler- 
-tion)  durinm  the  run. 

In  the  rrst  ten  years,  extensive  research  has  been  done  on 
mechanisms  of  incre^sine-  sneed  and  lift  force  so  that  on  taka- 

off  and  landing,  r,n  airnlane  will  not  stall  and  fall  down  at  low 
sneed.  Figure  1 shows  one  such  mechanism  for  high  speed  airplanes. 
The  ton  figure  indicates  that  with  back-swent  end  small  curvature 
ins's  which  are  suitable  for  hi-mh  sneed  flyins-,  the  lift  is  too 
small  at  low  sneed  to  allow  safe  landing  and  tske-off#  The  bottom 
figure  shows  the  airplane  with  extended  wings  and  lowered  fore 
and  hind  fl^ns.  As  the  wings  become  large  and  curved,  they  generate 
a l'-rge  lift  even  at  low  sneed.  Do  safe  take-off  and  Inding  are 
possible . 


k. 
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Today  we  shall  attempt  to  increase  the  rate  of  acceleration 
(deceleration)  as  a means  of  reducing  the  run  di'  tanoe.  To  simplify 

I 

the  problem,  lets,  take  landing  as  an  example  and  lock  at  various 
methods  of  stopping  the  airplane  more  quickly  on  the  landing  run. 

A discussion  began.  " Braking!  Just  like  sudden  braking  in 
automobiles.  " " Use  a big  parachute  to  increase  the  air  resistance. 
" Bow  about  halting  the  airplane  with  arresting  cables!  " * * * 

Well,  1st  us  demonstrate  the  various  situations  on  the  flight 
simulator ! 

The  pilot  began  i,o  simulate  the  landing  procedure:  lowering 
the  landing  me^r  and  the  flaps  and  slowly  releasing  the  gas.  Th' 
airplane  glided  towards  the  runway.  V.’ith  a slight  vibration,  the 
airplane  touched  the  around.  Hua,  who  Proposed  to  use  brakina, 
started  to  veil,  "Use  the  brake!  Use  the  brake!"  The  pilot  applied 
a sudden  braking.  Following  a loud  noise,  smoke  began  to  emerae 
in  the  cockpit.  The-  --l arm  sounded  again.  On  the  display  panel, 
a red  signal  indicated-  " Fire  " ! 

That  has  happened?  Well,  as  the  Plan'  brakes  sudd  nly,  the 
tire"  explode  and  burst  into  flames,  resulting  in  a.  fire  alarm. 

Why  is  that  ve  can  apply  a sudden  braking  in  au  omo'iles  but 
not  in  airplanes?  The  reason  is  that  the  plans  still  has  a rela- 
tively his-h  speed  when  it  touches  the  ground,  and  its  moment  xm  is 
hundreds  to  thousands  times  mreater  thnn  that  of  an  utomobile. 

If  a transport  lane  lands  with  a weight  of  100  tone  --nd  a 
velocity  of  300  kilometers  per  hour,  its  tots],  kinetic  energv 

prior  to  the.  landing  run  is  1.  and 

K n 

F.  = 1/?  mV 
K 

where  = kinetic  enerpsr  (joule) 

K 


of  v/eter.  The  heat  generated  by  sudden  braking  can  enure  the  rubber 
tires  to  sublimate  or  to  bur°t  into  flames.  In  -roder”  airplanes, 
the  braking  system  r^gulat^s  the  braking  fore  automatically  to 
prevent  the  danger  of  excessive  braking  force. 


The  use  of  a oe r a chute  to  deceler-  te  an  airplane  requires 
r large— siz.e  parachute.  Besides  the  problem  of  • here  to  stor  it, 
the  shock  g nor  ted  by  the  sud  en  ooen4nrr  of  the  nr  ra chut  could 
result  in  '•tructurol  damage  to  the  Plane.  Hence  large  clones 
generally  use  a combined  mechanism  of  wheel-broking,  deceler-tion- 
para chute  or  rovers eJ  engine.  On  landing,  th»  kin  tic  energv  of 
th"  clan"'  is  dissipated  through  friction  of  thr  '.•.heels,  air 
resistanc  "nd  reversing  of  the  engine.  The  disndvante a*  0f 
these  methods  is  th-t  they  co  licate  the  design  of  the  nl-^ne.  Cn 
ir  carriers,  arrestin0,  cobles  and  a energy  conversion  system  ar ' 
used . The  large  amount  of  kinetic  energy  of  a landing  plane  i" 
tr  nsmitt' d to  the  enerrr  convr  r°ion  system  through  the  arresting 
C'bles.  Tn  this  v '•»  v , th'7  °tr  ’ctur*  1 d sign  of  the  dun  c n bo 
si  ' lifiod. 

The  tske-off  run  of  the  plan*  h • imiler  purpose,  I aims 
rt  ~ inin  • kinetic  '■nerg/'  i-  th  short'  t **  'ihlo  time,  increasing 
cc-loration  and  re  chins  1 i "t-o^  -n  ed. 

One  method  of  shorten’  no  th  t- k'--off  run  is  to  use  the  engine 
or  th'  nl^no  or  rock  tr  to  convert  chedcal  reaction  into  kinetic 
energy,  such  as  seed,  rat  d combustion  chamber  or  rocket  booster, 
’■pother  method  would  be  to  rdv  on  gro  md  facilities,  such  a a the 

// 


c^t-nult  o • ir  c rrier?  which  utilizer,  hi  'h  pressure  steam  to  ec- 
c L r t'  lanes.  One  light-olane  launcher,  sixty  to  s venty  meters 
lone-,  Iso  us:  s high  Pressure  air  to  push  a piston  in  a cylinder 
to  jet  off  the  nlane.  In  this  the  run  distanc--  is  lr<  ^ 

hundr  d meters.  All  thes  mc'^  isms  depend  on  complicated 
ground  faciliti  to  e-enerat<  energy,  which  : then  transmitted  to 

the  plane  throu  h r Launcher.  This  simplifi  s the  : tructural 
design  of  the  '1‘ n and  reduces  the  run  distance. 

Thc  students  r"T’°  d that  they  hrve  learnt  a lot.  ' fter  this 
visit  and  di  -cue a ion,  they  no  longer  consider  aeronautical  engineer- 
in'- to  he  a complicated  and  mysterious  subject.  The  problem  of  hov 
to  shorten  the  run  distance  of  a pi  ne  turns  out  to  be  just  a 
com- •’only  encountered  issue  in  phresics,  which  h the  problem.  ->f 
the  conservation  and  conversion  of  energy. 


Pi vure  1.  A v;ay  of  increasing  the  lift 


n-oornchute 


Methods  of 
lending  run 


Figure  3.  "'ethods  of  shortening  the 
take-off  run 


Fracture  Mechanics  and  Aircraft  Ehgine 
Kuo  Yi-chi 


The  application  of  fracture  mechanics  to  aircraft  design  has  already 
made  great  leeway,  but  the  application  to  aircraft  engine  has  become  a 
subject  of  research  in  recent  years.  In  last  issue  of  this  journal,  we 
introduced  the  origin,  development  and  some  basic  concepts  of  fracture 
mechanics.  Now  we  try  to  discuss  the  fracture  problem  in  aircraft  engine 
and  the  application  of  fracture  mechanics. 

The  Fracture  Problem  in  Aircraft  Engine 
For  aircraft  engine,  should  we  study  fracture  mechanics,  to  this 
question,  the  answer  is  definitely  positive.  According  to  the  statistics 

of  aircraft  incident,  the  cases  of  engine  problem  constitute  about  9. 1%  in 

aircraft 

civil  A incidents  and  the  percentage  is  even  higher  in  military 

aircraft  incidents.  Of  these  engine  problems,  60$  are  caused  by  structural 

fracture.  In  many  countries  , the  cases  of  enrine  fracture  are  rather 

serious.  For  instance,  in  April,  19^4,  a civil  airplane  DC-9,  due  to  the 

breaking  of  low  pressure  air  compressor  axle  in  the  engine  had  an  incident. 

Through  investigation,  it  was  found  out  that  the  breaking  of  the  axle  was 

caused  by  the  extension  of  a crack  on  the  axle.  In  US  the  production  of  engine 

J35GE21  for  military  use  was  forced  to  stop  because  of  the  breaking  of 
compressor . 

blades  of  the  air  A Because  of  the  breaking  of  fan  wheel  of 

engine  RB.2'11,  there  have  happened  quite  a number  of  aircraft  incidents. 

It  is  a fact,  however,  that  there  are  cracks  on  the  parts  of  engine  and 
the  conditions  of  the  cracks  are  rather  complicated.  From  both  theory  and 
practice,  we  can  say  that  these  problems  should  be  studied  by  applying 
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fracture  mechanics.  In  the  following,  we  are  trying  to  discuss  the  gap 
between  the  level  of  fracture  mechanics  and  the  practical  fracture  problems 
in  engine. 

First  of  all,  it  is  the  temperature  factor  that  is  the  operation 
charcteristic  of  the  parts  in  an  engine.  The  hot  end  parts  of  an  engine 
such  as  combustion  chamber,  turbine  and  reinforced  combustion  chamber  ,all 
work  under  high  temperature.  What  effect  temperature  can  have  on  stress 
strengthening  factor  and  fracture  tenacity,  it  has  remained  unknown. 

Because  of  hirfi  temperature,  the  stress  distribution  is  intricate  and 

there  are  also  oscillations,  the  shapes  of  fracture  of  the  parts  are  of 

aircraft*. 

a great  variety  and  they  are  more  complicated  than  a The  occurrence 

of  a crack  is  often  out  of  anyone’s  imagination.  Here  we  only  touch  the 
microscopic 

problems  of  ^ * cracks  because  the  problems  of  microscopic  cracks 

are  even  more  difficult.  According  to  the  practical  experiences  that  have 
so  far  been  accumulated,  the  shapes  of  microscopic  cracks,  as  we  know, 
include  single  crack,  multicrack,  closed  crack  and  cluster  of  surface  crack 
and  underneath  skin  crack  (Figure  right  below) . Among  them,  for  single  crack 
and  multicrack  at  normal  temperature,  corresponding  stress  formula  (basis 
of  judgment)  can  be  found  and  their  critical  crack  length  can  be  calculated. 
It  is  rather  difficult,  for  the  rest  of  them  because  there  is  no  adequate 
basis  of  judgment,  so  there  is  no  way  to  determine  their  critical  crack 
length.  It  is  therefore  fair  to  say  that  in  theory  and  practical  test, 
fracture  mechanics  cannot  solve  any  of  the  problems  of  crack  aircraft  engine 
as  yet.  It  is  an  urgent  task  to  make  further  study  in  this  field. 


The  determination  of  stress  strengthening  factor  and  the  tenacity 
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of  crack  so  far  can  be  made  only  at'  normal  temperature  level,  and  those 
at  high  temperature  level  cannot  yet  be  completely  solved.  The  numerical 
value  at  the  high  temperature  state  is  what  the  parts  of  an  engine  need, 
so  we  must  make  further  study  on  the  determination  of  stress  strengthening 
factor  and  the  tenacity  of  fracture  at  high  tempearture. 

The  high  temperature  parts  of  an  engine  are  all  made  of  heat  resistant 
alloy.  The  changes  of  fracture  tenacity  of  this  material  under  the  effect 
of  temperature  has  not  been  thoroughly  understood. 

The  important  subject  in  the  study  of  fracture  mechanics  is  how  to 
use  fracture  mechanics  to  predict  the  life  span.  Many  of  aircraft  engines 
at  the  present  time  have  no  design  life,  and  the  service  life  cannot  be 
predicted  by  fracture  mechanics,  it  is  often  determined  by  service  test, 
instead.  The  prediction  of  life  span  nevertheless  rema'ns  to  be  a subject 
to  study. 

Of  engines  in  desigi  as  well  as  those  in  service,  the  critical  crack 
length  still  cannot  be  determined  by  using  fracture  mechanics.  The 
determination  of  the  controlled  crack  length  on  a small  part  of  the  parts 
is  made  by  tests.  A theorectical  calculation  method  which  can  be  practically 
applied  has  not  yet  been  created. 

Those  practical  examples  mentioned  above  are  but  segmental  suggestions 
which  do  not  cover  the  whole  series  of  problems.  Hereupon  we  can  see  that 
the  gap  between  the  level  of  fracture  mechanics  and  the  practical  situation 
of  a'rcraft  engines  is  considerably  wide  and  we  must  from  now  on  try  to  do 
our  best  to  narrow  this  gap. 


The  Application  of  Fracture  Mechanics  to  Aircraft  Ehpine 
The  purpose  of  studying  fracture  mechanics  is  to  solve  some  practical 
problems.  Fracture  mechanics  has  been  applied  to  matel  materials,  metallurgy 
and  high  pressure  vessels.  It  can  be  anticipated  that, in  the  near  future, 
fracture  tenacity  K^c  will  become  a new  index  of  materials.  In  the  following, 
we  will  discuss  the  application  of  fracture  mechanics  to  aircraft  engine. 

Strength  Calculation  in  Engine  Design.  As  we  have  mentioned  above, 
the  strength  calculation  in  the  past  is  limited  only  to  static  strength  or 
fatigue  strength.  In  theory,  those  strength  calculations  are  reliable,  but 
in  practical  application,  they  can  by  no  mean  prevent  the  occurence  of  cracks. 
The  main  reason  of  such  shortcomings  is  that  it  does  not  pay  attention  to 
the  problem  of  strength  after  cracks  have  taken  place.  Now  in  engine  design 
in  some  countries,  fracture  strength  calculation  has  been  taken  into  account. 

In  material  selection,  fracture  tenacity  has  become  a calibration.  For 

titanium 

instance,  in  the  United  States,  when  A alloy  is  used  to  make  compressor 

wheel  the  requirement  of  fracture  tenacity  value  is  175  kg/mm  when  it 

/ 3'2 

is  used  to  make  blade,  the  requrement  is  122.5kp/mm  . 
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After  the  incident  in  which  the  fly  •"heel  of  e British  r?'0  ?11 
engine  fractured,  an  investigation  of  the  fracture  tougta.ru  and  ^hr- 
rate  of  cr  c’.c  proposition  of  the  wheel  wee  undertaken.  Subsequently, 
a titanium  alloy  with  the  required  strength  and  a better  fracture 
toughness  is  user1,  to  substitute  the  origin- -1  hi.rh  strength  materiel. 
In  some  countries,  the  fracture  strength  is  also  being  considered 
in  the  design  of  large  rotors.  More  emphasis  is  also  b"ing  made 
on  requirements  in  toughness  and  elasticity,  nroperti  s once 
considered  to  be  of  secondary  importance. 

Design  Lifesnr-n  and  Service  Lifespan  of  Components 

In  the  past,  many  aeronautical  engines  do  not  have  "n  estimr'te 
of  dmim  lifespan.  The  service  lifespan  was  also  determined 
experimentally.  Nowadays  fracture  mechanics  is  being  applied  to 
study  engine  lifespans. 


Development  of  High  Temperature  Fracture  Mechanics 

This  research  ares  is  directed  at  areonau  ica.l  engines.  There 
are  some  positive  results.  However  some  difficulties  are  also 
encountered  in  practice.  Yore  work  is  needed. 


Determine  the  Nature  of  Cervice-related  Cracks 


The  use  of  fracture  mechanics  to  Predict  crack  initiation  while 
the  component  is  in  service  or  under  repair  might  be  able  to  control 
some  of  the  fracture  problems  which  are  not  solved  during  the  desimi 
~nd  manufacturing  stages.  This  would  guarantee  flight  safety, 
increase  the  lifesnan  of  the  component  and  avoid  frequent  replace- 
ment of  components.  Foreign  engines  with  lonm  lifesnan  have 

it 


standards  of  permissible  cr  ck  lengths  for  the  essential  components 
to  remain  in  service,  to  undergo  repair  °nd  to  be  junked.  These 
requirements  generally  lengthen  the  life^nen  of  engines , sometime s 
to  the  extent  of  several  times  ths  d sign  lifespan.  However  to 
popularise  this  method  requires  extensive  research  in  fracture 
mechanics . 


Techniques  for  Improving  the  Fracture  Toughness  of  Components 


It  is  more  effective  to  prevent  crack  initiation  by  improving 
the  fracture  toughness  of  components  through  nrv;  techniques. 
Prevention  of  cracking  through  structural  changes  does  not  produce 
good  results.  It  also  involves  charges  in  the  d sign  of  molds, 
the  comoatibi litv  of  carts,  etc.  Observations  also  sug  -est  that 


cracks  can  mi "rate.  If  structural  changes  are  made  in  one  part  of 
the  component  which  h°d  cracks  before,  cracks  might  initiate  in 
aonther  area  of  the  component.  Actually,  any  structure  has  its 
week  areas  r,nd  crocks  usually  initiate  there.  Redesigning  mimht 
result  in  overall  improvement,  but  there  are  still  weak  areas. 
Cracks  just  an  ear  in  alterrrte  forms  and  at  a.  different  weak  area. 
There  is  no  perfect  engine  which  does  not  cr°ck.  ihe  migration  of 
crocks  is  quite  common  among  engine  components.  For  example,  if 
the  radius  of  curvature  R at  an  axial  junction  is  increased  to 
allow  a smoother  connection,  cracks  might  disappear  there  and 
migrate  to  other  junctions.  Cracks  on  the  outflow  side  of  turbine 


blades  are  due  to  fatioue  resulting  from  mechanical  vibration.  If 

it 

blades  me  used  to  reduced  vibration,  cracks  just  migrate 
to  the  cvovorv  . Cracks  on  the  outflow  side  of  guide  blades  -re 
results  of  thermal  fatigue.  If  ^tr-cooled  nide  blades  are  used  to 
reduce  the  heat  load,  cracks  simnly  mi  mate  to  the  air  outlets. 
Coptines  cracks  could  migrate  from  one  component  to  another.  This 
kind  of  migrsfvon  is  frightening.  concentrated  effort  should 
be  Si  towards  Ltnprovi  ig  fch<  fracture  toughness  of  materials 

so  that  cracks  dis-mre-r  -.tv*  d-  sot  mi 'rate.  Techniques  of 
inq — ' a * fr?  cture  toughness  -me"-  - s special  her,t  trei  t nt»  *prau- 
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pellet  strengthening  and  v*  nor*  deposition  are  ? ttrscting  wide  attention. 


'Techniques  of  Controlling  the  Creek  Lropsavtion  Velocity 


By  controlling  the  velocity  at  which 
c- n be  usf  d for  n longer  period  of  time, 
achievin'-  thin  axr  1 ere  el  so  important  in 
problem.  3pray-pellet  strengthening  (see 
end  rolling  c-n  accomplish  this  goal. 


creeks  propagate,  components 
Obviously  techniques 
solving  the  fracture 
the  issue  of  October, 1976) 


A study  using  vnnor  deposition  to  improve  metal  surface  showed 
a reduction  in  the  crack  propagation  velocity.  It  is  su.«v*estcd 
th' t a combination  of  vapor  deposition  and  spray-pellet  strengthening 
produce  the  most  desirable  result. 


Application  in  the  area  of  Fatigue 

Fngine  fracture  is  induced  by  fatigue.  So  the  study  of  the 
initiation  and  propagation  of  fatigue  cracks  hv  fracture  mechanics 
is  called  m-5  cro-fracture  mechanics.  Stress  cycling  develops  fatigue 
nucleus  v.hich  is  followed  by  macro  crack  formation,  resulting  in 
unstable  propagation  and  fracture.  The  entire  process  is  being 
studied  on  the  basis  of  fracture  mechanics  and  important  advances 
are  predicted. 


Detection  of  Crr cks 

Because  crack  propagation  produces  sound,  equiments  are  now 
under  development  to  detect  this  sound  as  s mean  of  surveillance. 
The  use  of  acoustic  waves  to  detect  microcracks  is  also  being 
investigated.  Xbese  efforts  are  drawing  the  attention  of  the 
aeronautical  industry. 
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M)  Under  isothermal  condition,  single  and  nultinle  macro-cracks  or; 
ereo4 turbo engim — c an  br  1 jeribt  by  r irons  ferrule* 


Question  and  Answer 


(The  answers  are  provided  by  Mechanic  Team  of  Szechwan 
Province  Civil  Aviation  Administration) 

Qs  Of  a single  propeller  aircraft,  when  the  propeller  is  running, 
what  effect  it  has  to  the  flight  and  control  of  an  aircraft? 

A:  The  main  effect  of  the  running  of  a propeller  is  to  produce  pulling 
force,  but  there  are  two  noticeable  side-effects  to  a single-propellered 
aircraft : 

1.  The  Reaction  Moment  of  a Propeller 

When  a propeller  is  running,  the  resistance  acting  on  each  blade 

revolving 

will  form  a reaction  moment,  which  through  the  ' a axle  of  the  propeller 
reaches  first  the  engine  and  then  the  aircraft.  Finally  the  era  "t  is  made 
incline  to  a reversed  direction  of  the  running  of  the  propeller.  If  the 
propeller  is  revolving  to'  right,  the  craft  incline  to  left  (Fivure  1). 

The  greater  is  the  revolving  speed  of  the  propeller,  the  greater  is  the 
inclination  of  the  craft. 

2.  The  Twisting  Airflow  of  a 

Propeller,  When  a propeller  is  revolving, 
the  airflow  that  is  forced  to  the  rare  Figure  1 

part  of  the  aircraft  is  not  in  the  shape  of  a flat-plate  flowing 
along  the  body  of  the  craft  ,but  it  goes  around  the  body  of  a craft.  The 
direction  of  twisting  of  the  airflow  is  same  as  that  of  the  revolving  of 
the  propeller.  When  the  airflow  is  passing  the  wing,  it  is  div ' ded  into 
upper  and  lower  two  parts.  If  the  propeller  is  running  to  right,  the 
upper  part  of  the  airflow  will  flow  to  the  ri^ht  back  and  the  lower  part 


X^ 


to  the  left  back 


When  this  twisting  airflow  touches  the  vertical 
tail  of  the  craft,  it  w‘11  make  the  craft  incline  to  left  (^mire  2).  If 
the  propeller  is  running  to  left,  the  situation  is  just  contrary  to  this. 

These  two  sideeffects  of 
the  propeller  damage  the  balance  of 
an  aircraft  in  the  air,  so  they 
must  be  overcome. 

In  aircraft  design,  especially 
the  design  of  a single  propeller  aircraft, 

the  impact  of  the  side-e-'fect  of  the  propeller  to  the  flight  and  control  of 
an  aircraft  must  be  taken  into  acount,  and  try  to  overcome  these  side- 
effects.  For  instance,  there  are  aircrafts  of  which  the  vertical  tail 
is  not  set  at  the  fore-and-aft  axis  but  at  point  that  makes  an  angle  with 
the  axis  so  that  the  slope  and  inclination  of  the  aircraft  caused  by  the 
reaction  moment  of  the  propeller  and  twisting  airflow  can  be  offset.  On 
some  aircrafts,  there  is  a correction  blade  on  the  direction  rudder  or 
aileron  to  adjust  the  inclination.  The  correction  blade  is  operated  by  the 
mechanical  personnel  on  the  ground  by  using  some  instrument,  so  the  correction 
blade  is  also  called  fixed  . adjusting  blade.  There  is  another  method  tha^ 
is  to  set  up  a airflow  conducting  blade,  airflow  adjusting  blade,  bottom 
fin  and  back  fin  on  an  aircraft.  All  these  measures  are  for  the  purpose  of 
maintaining  stability  of  an  aircraft  in  flight  and  reducing  the  impact  of 
side-effect  of  the  propeller. 

As  the  reaction  moment  of  the  proneller  and  the  magnitude  of  the 


I strike  at 
S the  tail 


incline  to  left 


Figure  2 
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twisting  airflow  change  following  revolving  speed  of  the  propeller,  only 
a fixed  adjusting  blade  is  not  enough  and  there  must  be  something  that 
can  be  operated  on  the  aircraft.  In  many  instances,  there  are  adjusting 
blades  which  can  be  operated  by  the  pilot  when  necessary.  They  are  usually 
set  up  at  the  direction  rudder,  lifting  rudder  or  aileron.  Some  of  those 
blades  are  set  to  work  mechanically  and  some  electrically. 

Q:  Of  a double-propeller  (double  engine)  aircraft,  why  the  revolving 
direction  of  the  propellers  is  not  the  same  but  symmetrical? 

As  Among  civil  aircrafts,  those  which  use  propeller  as  pulling  force 
are  of  many  different  kinds.  Whether  they  are  double-propellered  (double 
engine)  or  multi-engined, on  one  and  the  same  craft,  the  propellers  are 
revolving  toward  same  direction,  as  indicated  in  Figure  3. 

The  propellers  of  a double-propellered  aircraft  are  set  up  at  the 
engine  on  the  wing  on  each  side  of  its  body,  and  not  at  the  fore-and-aft 
axis.  The  impact  of  the  reaction  moment  on  the  craft  is  not  so  serious  as 
that  of  a single  propellered  craft. 
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The  rotary  flow  generated  by  the  propellers  in  a 
twin-propeller  rlane  does  not  blov  directly  onto  thr  verticr 1 tail. 
Thus  the  effect  is  not  sc  l^r/sre  as  in  single-propeller  plane. 

By  addin"  flow  guide  flaps  an'  flow  correction  flaps  to  the  airplane, 
the  pilot  can  adjust  these  flans  in  flight  to  overcome  the  adverse 
rir  flow  crrated  by  the  orooellers. 

The  oroneller-  ere-  te  a reaction  force  moment  on  the  plane  and 
a rotary  ' ir  flow  around  the  plane.  These  adverse  effects  could 
be  overcome  by  lett * n"  the  propellers  to  rotate  in  opposite  direct- 
ions. How  ver,  this  would  create  serious  problems  in  engine  design, 
manufacture , maintenance  and  storage  of  spar<  parts.  Bor  example, 
both  left-hr  ndc'1  and  ri  ht-hmded  engines  hove  to  be  designed  and 
m nuf- ctu^f  d,  an'  'heir  mainJen  nee  and  usage  require  car  ful 
distinction.  erious  incidents  will  r suit  if  a mietrk  is  made. 
Therefore,  two  sets  of  non.— interchange  able  spare  parts  have  to  >e 
stockniled.  And  this  is  uneconomical. 

B c use  of  the  above  reasons,  ■-irnlrnes  with  two  or  more 
an  in  e generally  use  thr  same  model  o-nd  the  propellers  - Inc 
ro‘  to  in  the  same  direction. 

* ’rhr  dir-ction  of  notation  of  the  nropeller  is  defined  in 
th  follov  inr  v.  y:  lookinv  tow  rds  the  oroneller  froo  the  tail 
action,  • clockwise  rot  tion  is  termed  ri"ht-h'  nd  d:  otherwise, 
it  i-  term  ' left-hand  d. 

' ue.-t : on:  If  a multi-engine  Plane  uses  nlv  on'  engine  in 
flight,  what  ' r the  problems  n^  hov  t ov^ren  -^e  them? 

answer:  If  on<~  engine  m,,lfuv'ction''  in  flirht,  twin-engine 

nl'ne  could  use  n single  engine  for  a short  flight.  Hnecir-l 
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attention  should  be  tv  id  to  th'  followin  tv.o  oints: 


1.  V-  int' in  altitude 

In  single-* — In  fl  ! -hi , the  nil  on  the  plane  is  reduced. 

Only  by  naintc inin^  hi "h  altitude  can  the  alone  st'-  ' in  the  ir 
for  a longer  period  of  tine.  This  give  = the  nilot  norr  tine  to 
evaluate  the  '-itu^tion  *nd  select  a suitable  airport  to  lend. 

If  th1"  nlane  in  not  n full  lo^d,  one  o n maintain  the  altitude 
by  increasing  the  power  of  the  rood  engine  and  at  the  sj  r time, 
quickly  find  an  -imort  to  i - nd . The  ol  ne  should  r turn  to  the 
departing  cir-ort  if  it  is  less  the:  half  vay  towards  the 
destination  Otherwise,  in  the  case  where  no  ' iraort  is  ev- liable 
nearby  • nd  no  climbing  is  required  along  the  or  mini-  1 route,  the 
1 ne  hould  Tiro f'?ed  to  the  origin' 1 destination  for  rep'~ir.  , ith 
only  an  single  engine  -orking,  the  clone  does  not  h^w  sufficient 
null.  Moneuverin  is  difficult  end  climbing  should  be  avoided. 

: nf  should  ?■  "d  in  an  airport  where  no  climbin  is  need*  d. 

If  th  j1* ne  i • f full  load,  i t becomes  nec  ss  ry  to  jettison 
some  inessential  cargo  ( reeor  I th«  position  o hai  ground  recovery 
atten  4 : ) o r ■ iuc  the  • ight  nd  to  leintain  the  eltitud  . 

• t th  r.r  -/  ti  ■’  , spl<-c+  n ir’  ori  ith  good  weather. 

h n uch  ■ n 2 ier  ency  ■'  3,  ii  Lo4  mu  4 r<  c;  1m  ad 

twin 

th  th  1 i ion  deci  ivi  1 . T r ex;  - 1<  , on  of  oui  ime- 
nune  pi  n -•  ^ro  ite  from  Run- pin'7-  to  Ihung-king  • hen  the 
ri~ht  engine  rud  enly  stopped.  Beceuse  of  full  load,  the  remaining 
er gin»  did  not  have  sufficient  rower  to  maintain  altitude.  The 
plane  was  losing  eltitud' . What  can  he  done?  mhe  crew  calmly 
analysed  th'  geography  along  the  route,  the  altitude  and  the  rate 
of  dependin'-.  It  4*  not  nossible  to  return  to  Kun-min^  because 
the  nlene  would  have  to  climb  to  higher  altitude.  Chur.g-king 
however,  is  at  a lower  altitude.  With  the  nresent  rate  of  descend, 
the  nlane  should  reach  Chong-c ing  safely  even  without  jettisoning 
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any  cargo.  With  careful  handlin'1,  by  th  pilot,  the  plane  finally 
reached  the  destination.  1'hur  it  is  extremely  important  to 
maintain  the  flyir[T  all itude  in  such  emergency. 

?.  ?/T''int^in  the  direction  of  flight 

In  single-engine  flight,  the  null  of  the  engine  exerts  a. 
torsional  moment  on  the  center  of  gravity  of  the  plane,  causing 
the  nlme  td  twist  towards  the  malfunctioned  engine.  To  maintain 
course  end  to  prevent  twisting,  the  pilot  needs  to  use  the  rudder 
and  correction  flaps  more  often.  The  amount  of  ste  ring  required 
denends  on  the  sneed  of  the  nlme-,  the  air  flow  end  the  torsionrl 
moment  on  th'  plane. 

When  the  nlane  annror  ches  lending,  it  is  extremely  important 
to  maintain  the  flight  direction.  With  its  heed  down  md  decelera- 
ting, the  plane  is  not  too  stable.  Additional  use  of  the  rudder 
to  counteract  the  torsional  to  ent  requires  careful  control. 
Otherwise,  the  nlane  might  skid  out  of  the  runway. 

3esid.es  the  shove  two  points,  it  is  also  necessary  to  align 
the  nroneller  blades  of  the  faulty  engine.  The  fore  edge  of  the 
blades  (blade  face)  should  he  parallel  to  the  longitudinal  axis 
of  the  nlme . ?his  reduces  the  air  resistance  against  the  blades 
and  co  seq  nently,  the  torsional  moment.  This  alignment  is  usually 
carried  out  by  a combination  of  electrical,  mechanical  and  hydraulic 
mechanisms.  In  modern  airplanes,  this  has  been  automated.  When 
the  en-'  ine  stows,  the  propellers  are  aligned  automatically. 


A.imlanes  with  three  or  more  engines  are  generally  large  and 
heavy.  It  is  impossible  to  flv  with  a single  engine.  How  about 
using  two  engines"  The  answer  is  yes  for  three-engine  planes.  For 

four<— on  fine  nlanos,  it  depends  on  the  location  n-a  tv-  m^ines. 

With  two  engines  on  Bach  wing,  cVit  is  possible  if  one  engine  on 

a r ch  wi n r-  i-  disabled.  But  if  both  engines  on  one  wing  malfunction, 

yi 


flight  would  be  ir  or  •,blp  brcsuse  even  if  the  rerpini n,r  two  engines 
e-  n pull  ( puoh)  th  plane,  th»  1:  -ger  torsion  1 Tioment  c nnot  be 
oo  mt<  i b r the  us  e of  1 ru  1 er.  ve  n ■ short  flight  under 

thi  3 circumsti  nee  shoul  : not  b > rmitted.  Th(  nli  ne  c n or*  sh  • 1 
• ny  noment . mh;  only  choice  in  to  lr  nd  innedint'-ly. 


/)  correct 


Q:In  the  vast  sky,  why  there  must  be  regulated  air  routes? 

A:  Air  routes  are  of  two  different  kinds:  the  fixed  and  the  unfixed. 
The  routes  of  fighters  of  an  air  force  are  unfixed,  and  they  can  change 
at  any  time  according  to  necessity  of  the  fighting  as  well  as  training. 

Now  what  we  are  going  to  discuss  is  the  civil  air  routes  yhich  are  fixed. 

An  air  route  is  that  which  is  preset  for  an  aircraft  to  fly  from 


%? 


one  point  (starting  point)  to  another  point  (terminal  point)  on  the 
surface  of  the  earth. 

Between  two  or  more  populated  points,  a transport  plane  can  fly  regularly, 

airports 

and  on  the  ground,  there  are  and  installations  which  quarantee 

the  flights  of  air  transportation.  And  the  approved  fixed  air  routes  are 
called  regular  air  routes. 

The  ground  corresponding  to  the  regular  air  routes  (projection  to 
the  earth)  is  called  air  road  of  the  regular  air  routes.  Its  width  is 
reflated  to  be  50  km.  Taking  the  air  route  as  a central  line,  it  is  25kn 
on  each  side. 

Some  areas  in  the  sky  in  which  the  civil  planes  can  fly  back  and  forth 
are  over  important  cities  and  these  areas  require  limitations.  Some  other 
areas  where  airports  are  many  and  the  flights  of  aircrafts  are  busy  and 

frequent,  in  order  to  avoid  interference  with  each  other  and  to  quarantee 

safety 

the  of  the  flights,  also  require  limitations.  Thus  in  the  sky  above 

the  air  road  on  the  ground,  a certain  width  of  the  space  is  regulated  to 
provide  aircrafts  for  their  flights  from  and  onto  stations.  Such  an  area 
in  space  is  called  "air  corridor",  of  which  the  width  is  usually  8km. 

In  some  areas  in  the  sky  over  some  political,  military  and  industrial 
centers,  flights  are  forbidden.  These  areas  are  called  flight  forbidden 
region. 

From  these  limitations  and  regulations,  we  can  known  that  flights  of 
aircrafts  are  .very  strictly  organized.  In  the  vast  sky  no  one  can  fly 


freely  or  take  whatever  route  as  one  likes,  but  one  must  follow  the 
regulated  routes  to  fly.  Now  we  try  to  answer  the  question  of  why  it 
must  be  so. 

1.  Every  nation  has  its  own  territorial  space, which  is  a sovereignty 
and  no  other  nation  has  the  right  to  come  to  invade.  But,  however,  one 
nation  must  do  business  with  others,  and  aircrafts  must  fly  internationally. 

So  there  is  a necessity  of  signing  air  agreements  among  nations  to  regulate 
routes  by  which  foreign  aircrafts  can  fly  within  one's  native  territory 

and  use  air  stations.  If  the  reflations  are  violated  by  a foreign  aircraft, 
the  sovereignty  nation  can  take  appropriate  and  necessary  measures.  If 
the  case  is  serious,  such  as  military  reconnaissance  and  other  destructive 
activities,  the  sovereignty  nation  has  the  right  to  shoot  the  aircraft 
down. Evidently  the  regulations  of  air  routes  are  very  important. 

2.  National  economic  development  requires  air  transportation  of  goods 
as  well  as  passagers,  so  there  must  be  suitable  air  stations.  By  reflated 
air  routes,  these  stations  can  be  connected  into  an  air  transportation 
network.  Reflar  flights  must  have  a fixed  flight  number  and  definite 
route  and  stations  (in  order  to  load  and  disload  good  and  passengers,  and 
to  refill  fuel)  and  definite  schedule.  It  seems  impossible  without  a 

regulated  route  to  carry  out  the  missions  of  tra-sporting  goods  and  passengers. 

’ 

The  regulated  route  should  take  a straight  line  so  that  the  -flight  di stance 

the 

and  time  required  can  all  be  short  and  the  consumption  of  fuel  is  low.  So. cost 
of  flight  is  low  and  the  transportation  rate  will  be  high. 


3.  For  flight  safty  it  is  absolutely  necessary  to  have  a reflated 


route 


An  aircraft  flying  in  the  sky  is  always  conducted  by  ground  personnel. 
Following  a regulated  route,  the  ground  personnel  will  feel  easy  to  know 
where  is  the  aircraft  and  its  flight  position  anf  altitude.  Thus  they 
can  guide  the  craft  to  reach  the  preset  station  without  any  mistake. 

When  an  aircraft  is  flying  in  the  sky,  it  needs  navigation  from  the 
ground.  If  there  is  a regulated  route,  there  can  be  navigation  stations, 
direction  finding  stations  and  radar  station  along  the  route.  So  the 
aircraft  cannot  be  lost  and  will  safely  reach  its  destination. 

Along  a rerulated  route,  the  flight  altitude  and  time  of  various 
crafts  can  be  well  arranged,  so  they  have  no  danger  of  collision.  On  the 
other  hand,  an  aircraft  along  a regulated  route  can  at  the  right  time 
know  the  weather  in  the  sky.  Thus  it  can  try  to  aviod  any  of  the  storms 
and  safeguard  the  flight. 

An  air  route  must  not  encounter  natural  obstacles,  such  as  the 
mountainous  area  which  is  very  high  and  bad  weather  areas  in  a year. 

Following  a regulated  route, an  aircraft  can  aviod  such  areas. 

Moreover,  a regulated  route  can  let  an  aircraft  keep  away  from  some 
forbidden  regions,  such  as  military  base,  ground-to-air  shooting  range. 

It  will  be  also  good  for  national  security  and  national  secrecy  if  an 
aircraft  can  keep  away  from  major  political,  econmic  and  military  centers. 
From  all  these,  we  can  know  that  an  air  route  is  very  important.  Although 
the  sky  is  vast,  it  is  still  necessary  to  regulate  air  routes. 
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A Random  Talk  on  the  ClimbingCeiling  of  an  Aircraft 

Chu  Pao-liu 

To  begin  with  the  development  of  aircrafts.  In  the  earliest  days, 
the  highest  altitude  that  an  aircraft  with  piston  engine  can  reach  by 
using  its  full  power  is  called  climbing  ceiling.  In  other  words,  it  is  the 
altitude  where  the  climbing  rate  of  an  aircraft  is  zero.  But  in  later  days, 
the  number  of  flights  become  more  and  more  and  the  theories  of  flight  have 
been  enormously  proliferated.  The  time  that  an  aircraft  requires  to 
reach  a certain  altitude  is  in  inverse  ratio  to  its  climbing  rate  (altitude 
reached  in  a unit  time) , so  the  altitude  becomes  higher  and  higher  and  the 
climbing  rate  becomes  smaller  and  smaller,  as  a result  , the  time  required 
for  climbing  each  meter  becomes  more  and  more.  Calculation  indicates  that 
the  time  required  for  reaching  an  altitude  where  the  climbing  rate  is  zero 
will  be  infinitely  great.  In  practice,  there  is  no  way  to  reach  such  a 
climbing  ceiling.  But  there  is  a regulation  saying  that  climbing  ceiling 
is  an  altitude  in  climbing  when  the  climbing  rate  is  0.5m  per  second.  In 
order  to  distinguish  this  climbing  ceiling  from  the  original  unreachable 
one.  This  one  is  called  applicable  (or  practical)  climbing  ceiling  and 
the  one  which  requires  that  the  climbing  rate  is  zero  is  called  absolute 
climbing  ceiling  or  theoretical  climbing  ceiling.  These  two  terms  have  been 
used  ever  since. 

Since  the  advent  of  jet  plane,  flight  speed  has  been  greatly  increased 
and  it  can  surpass  the  sound  speed.  There  comes  a new  phenomenon  in  climbing 
performance,  that  is  the  altitude  an  aircraft  can  reach  is  related  to  its 
flight  speed. 


If  r-.n  r irnlrne 


’ airplane  • sc<  nd  • - the  ■'roper  a "r  df  it  c - r cv  1 it 
nervier  ceiling.  !?ov.  ever,  if  before  r-' r chin."  thi'  height,  the 
air  ’ a<  incr  sea  Its  — ed  through  horizont  1 flight , th<  n xi  i 

ltiti  : : t can  — cv*  on  the  su  juent  climb  will  exceed  th 

a rvi ce  e iling.  The r fore,  th  ?•  • >•  two  ii ff  r nt  cr  i In 

its:  tstlc  nd  dyru  ic.  Th<  dynamic  sit  i t i o n is  similar  to 

>j  cti  of  ■ pi<  e of  rock  (figurel).  Th  gr  < t r the 


Initi  .1  ■ lift-  of  .the,,  i h iij>hcr  the  altitude  it  can  reach. 

Tt#  Kt  As  _Lt*i  tta*  gW  <^ra.r.n^0 -fa v 

ii  th  iyn  lie  ceilinge-  it  is  difficult  to  maintain,  horizontal 

f]  L h t . ■ tion  is  di  ferent  * t t the  static  ceiling. 

an 

Durin  • the  climb,  the  lift  e#  th*  enplane  is  equal  to  its  weight, 
h ■ irplane  c n maintain  horizontal  flight*  Both  the  absolut 
ceiling  and  the  service  coiling-  belon  t this  cat  gory.  Similar 
to  th"  proble  - of  r p-o  jectile,  the  dyn-  mic  crilin="  of  airnl'  ne  is 
closely  r late  ‘ to  the  final  speed  during  the  climb.  Thus  the 
highest  altitude  record  freoucntly  reported  re ou ires 


:l6 


o v> 

t . u-.  i aa  k gj  , 


he  record  set  bv  the  U.S. 


p-.t  Fhmto 


m 


i o 


362. 


It  rrr  r-eorte  to  have  reached  30040  meters . The  airplane  started 
th<  climb  after  exceeding  Mach  2 speed  at  an  altitude  of  15240  meters . 

height  of  30040  meters,  th"'  spe<  d u only  71  kilomete  -s  per 
hour.  Both  engines  had  stopped.  Then  the  plane  just  fell  like 

were. 

oioce  of  rocc  to  a low  altitude  before  the  engines  -h-**  r strrted. 
lost  of  th  world  altitude  record;  were  set  under  similar  conditions. 
"0  1 he.  dynamic  ceiling  is  the  highest  altitud  attained  by  an 
: ■■■•  lane  v hi  starts  Climbing  with  hi  h speed  till  it  r iches 

1 io.~t  zero  speed . The  dynamic  ceil. in  - of  sup*  rsooic  j*  1 r often 

for  exceed  th"  absolut'  ceiling.  The  present  record' is  arosind 
39000  meters.  t the  dynamic  ceilin',  the  airpl'n  is  virtually 
out  of  control. 


■ no-* h v>  dynamic  ceiling  is  associated  with  warp]  n s 
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of  irop  : a ; to  zero  speed,  1 V airplan  egin  fco  ess  im<  • 
horizontal  position  " for  r achin  th  si  llin  eed  (25C  to 
kiloni  t rs  per  hour).  After  that,  it  c-  n hu  Lnts  hi  t ' orizontal 
flight  for  short  period  of  tim<  , allowin  il  to  op  n fir<  on 
ene-ny  pl-nes.  In  order  that  th  turret  ir  within  the  firing  r-  igc 
after  the  c ! tab,  th  direction  of  approach  and  the  no-  Ltion  • tAth 
• icendin  begins  have  to  b<  accur  tely  determined.  Oth  rwise,  al 
high  s'!  - ' fcu  a and  lovi  speed,  il  is  ii  ficult  fco  correct  the  dir  cti  >n 
of  flight  nd  any  Jiff  or  nee  in  altitude.  3o  attaekin  high 
! 11  Ltude  tergel  rsnid  c I •rnbiwot-  r quires  goo  coord  in  at  lo  i 


■ i -th  ground  guidance. 


0 


’hus  fchi  iyn<  lie  c<  iling  can  hr  of  two  kinds:  onc  with  1 ost 
zero  ter-nin-'l  rr>  ad  (.'  be o lute  dynamic  ceilin'™)  - nd  th<  other  with 

- . . : ~ $@  *t()  | ] ' ; Hinff  S . " j * * 1* 

Jiff  c 1 ■.  ■ "t ' ' 513 . tor  P-  Vi  to  , tin  form  ■ L 1 j • 

1 rs  while  th<  Is  tl  r (t<  orarily  call  com  • • ic 

c ' ilin  ■■)  : m3  y 22  2 00  me  t<  '■  . 'h  absolul  at  ic  ceil  : 18C 

leteri  . 'lo-  plan  ■ such  as  piston  1 nQ°,  in  -cn  L in  - does 

not  ' ass  th  ms ximum  attsinabl  altitude  to  • t - •'  it. 

There  fori  h<  si  tic  id  ly  • ic  ceilings  are  - 1 -o  1 Leant  icel  • 

The  v i srhl  o f n i r 1 an  is  c3  os<  3 - r ill  1 I o th  ci  i3 

height.  In  older  o3  n<  s,  fue  3 only  ccounted  for  • smal3  fr-  ction 
of  the  total  weight.  The  ceilings  ar  g nerally  'not  ? ithout 
specifying  the  weight • r’h~  e dvent  of  Jets,  esp  cially  th  on-- 

CowM 

on  fue  3 wore  - counted  'or  ar  much  ha3  r o ! th  total 

v ei-oht . The  ceiling0  arc  different  at  ful1  t nk  versus  m rr;ty 
x.  For’  ex  mpl  , • B— 5?  has  a service  ee  i 1 i of  11500  met<  rs 
wht  i it  w j ghs  208650  kilogri  ms  • nd  14  '70  n t<  ■■  ■ n it  weighs 
1270^0  kilorr-  :e.  When  - cr-1iin<*  height  ir  d.ve n ■ ithout 
ppecifyin  - the  v."i'ht,  it  i-  ^rnrr"l fy  consider  d +o  he  either 
- t t- kr.-of  w ight  or  • t half-filled  -f^rk. 

a fart  c1  imb  rate,  11  ir.  diffienll  to  •’'°int  in 

3/ 


”ec-uro  Jet'  hrv 


• el  : ih  r 4 of  jusl  0.5  meter  s co  id.  Thus  some  country  • lave 
fine*!  rvice  ceiling  «■  the  altitude  att?  inf  ith  • climl  r 
of  five  m t^r^  nrr  e coV,  al+hou~h  th<'r<  ir  no  int  ' mr  tion°l 


■■t  r. d 
meter 
i 1 : 
meter 

U'  ■ e 


* ■ ' . 1 v ! 1 hi 


p r econ  ■ r 
cifj  3,  piston 


oer  secon 

rut tr 

0.5  i 1 °r  s- 


d v.'  ilc 

cond ) 


tl  i co  intry,  both  = tend!  • ' • of  0.5 

meters  per  second  are  often  used.  Unless 
denes  gene  n lly  use  th  standard  o 0.5 
j<  ‘ • coul  i use  .•  : i he  r t)  ndsrd,  (!T.  . 4 ' ' 


o countries  hav  two  st;  tic  ceilings:  the  c mb?  ce  Lit  r 


the  ci  Ise  ceilin  . The  former  refers  to  the  ltitude  al  which 
the  cli  ab  r 4 has  droi  : 3 to  2.5  meter/sec  (500  fee  t r-  c)  whe  1 di*»b* 
und-r  rr-  xinu*  thrust.  Cruise  ceiling  r<  fern  to  thr  nltitud-  at 
which  the  climb  re  te  he  3ropp  to  1 . r.  meters  p<  ••  second  ( 30:  fe  rt 
3econd)  wh  i climbing  •.  ith  cruising  thrust.  This  is  hi  her 
than  th  oniinr  cruising  altitud  (pltitude  with  ax i mum  range). 

4 13600  kilo  1 ■ , the  A-7  aircre  ft  he  s an  absolul  ceili  g of 

r , i " rvice  ceilin  of  12280  meters,  ■ combat  ceiling 
of  11580  meter-  and  cruir-  ceilin''  of  1 1 &A1  mef  r-r  . 


x i urn  altitude  ati  In  3 by  ■ plane  o’ : 1 in  with 
oni 3 1$  calli  d the  3ubsonic  ceiling.  If  i 1 q ■ tti 


ic  speed 

at  a c 

rtain  al 

4-  I 

T* 

tude 

b for  c 1 i t 

' n , ih 

• x ' um  'ltitude 

r < ■ ched 

i c-  l'l 

£ ■ 1 

the 

supe r -onic 

ceiling.  With  a 

r jd-  r onic  epee d 

of  ’.’oeh 

1.5  to 

2, 

fop 

cun  r^onic 

seilin  ' ueh 

hi ''h'  r then  th 

■ f sonic 

ceiline 

' # 

o f r,  Lght  diffe  r i1  c Llin  1 v l : m ?o  h 

‘ h nun  r onic  nd  subsonic  ceili nr  • c n V tv' d ' in4o  brolut1* , 
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3hcn~  7 -n  Zhou 

deti  :1  3i  sc  es  Lo  ■ an  m pi  3 >o*#  ietoru  tore  we  publi  she  3 

ii  th  number  11  iseui  o ° 1 n?'7.  T1  i rtic]  r nt  e survey 

of  th-  development  op  bomb  detonator  Pro  d. 

ft  r the  Second  .7  or  Id  War,  there  had  been  rapid  development 

of  detonators  abroad , both  in  Quality  end  Quantity.  The  U.  3. 
clone  had  increased  its  detonators  from  less  then  ten  t>pes  to 
40  50  tyoes  during  the  War  and  to  several  hundred  after  the  War. 

Standardization  v-.:as  also  introduced.  Japan  used  at  least  fifty-one 
different  tyres  of  detonators  and  fascist  Germany  used  a minimum 
of  eighty-six  during  the  War.  These  include  impact-exnlode , 
aerial-explode,  set-time,  anti- dismantling  detonators,  etc.  Of 
the  total,  64??  ere  electric  detonators  while  the  rest  ere  aechsnical 
detonators . 


Many  mechanical  detonators  are  designed  to  guard  against 
accidental  explosion  during  transportation  or  while  in  service. 
Jhere  is  a device  separating  the  nrimer  from  the  base  charge.  then 
it  is  activated,  the  detonator  wild  not  explode  even  if  the  primer 
do-s . 

There  is  also  adjustable  delev  Tpohanism  in  many  detonators. 
This  permits  th-  setting  of  either  delay  or  instantaneous  explos-im 
recording  to  the  requirement  of  the  bombin'-  mission.  Some  detonat- 
ors have  a.  set  of  dec<=l  eration  gear  coupled  to  the  rotating  wing 
(flap).  After  a certain  number  of  trims  of  the  wing,  the  delay 
mechanism  will  be  deactivated.  'x'his  ensures  the  safety  of  the 
airplane . 

At  the  moment,  the  following  tyres  of  new  detonators  are  under 

3? 
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develooment  abroad 


1.  La  altitude 

-L’his  type  of  detonator  i s mounted  on  low  altitude  par^chute- 
deceloreted  bombs.  To  ensure  the  safety  of  the  nlaie,  the  bombing 
■‘"'actors  (altitude,  speed,  parachute  opening  time)  must  have  the 
correct  values  when  the  bomb  is  released.  When  this  happens,  e. 
control  device  on  the  bomb  will  cause  both  the  front  and  tail 
detonator  cartridges  to  change  from  a delay-explode  to  an  instantan- 
eous-exnlode  condition.  On  ground  irnnact,  the  bomb  will  be  detonated. 
If  th'5  bomb  parachute  is  not  functioning  prooerly,  or  if  there  is 
an  error  in  the  launching,  the  control  device  on  the  bomb  will  shut 
off.  The  instantaneous- exp lode  condi+ion  will  not  be  activated. 

After  a delay  of  fifteen  seconds,  the  front  cartridge  will  detonate 
the  bomb.  This  ensures  the  safety  of  the  bomber. 

2.  New  set-time  detonators 

In  addition  to  mechanical  set-time  detonators,  the  U.  S.  has 
develooed  both  chemical  and  electrical  set-time  detonators. 

One  type  of  chemical  detonator,  called  ionic  solution  capsule, 
uses  electric  current  to  change  the  concentration  of  ions  in 
different  nrrts  of  the  solution  to  achieve  set-time  explosion. 

Another  type  use."  the  rotating  wine*  to  break  omen  a bottle  of  acetone. 
The  ^cetonc  dir-  elves  a celluloid  ring  which  is  used  to  limit  the 
movement  of  an  impact  pin.  7/ hen  the  ring  softens,  the  pin  punctures 
the  primer  to  induce  detonation.  Changing  the  concentration  of  the 
acetone  or  the  thickness  of  the  celluloid  ring  alters  the  set-time 
for  detonation. 


Electronic  set-time  detonator  uses  semiconductor  integrated 
circuit  ~nd  princinles  of  high  frequency  oscillation  to  determine  tkc 
oulsing  capacity  of  the  circuit  at  a given  time.  After  a fixed 
time  period,  a pulse  is  generated  to  ignite  the  electric  detonator. 

?C 


3.  Piezoelectric  detonator 

This  detonvtor,  made  up  of  air zoelectric  crystals,  has  a simple 
design  and  hi^h  sensitivity.  It  can  be  i^mitrd  at  the  front  end 
and  detonate  at  the  tail  end  of  the  bomb.  It  is  generally  used 
on  air- to- "round  antitank  bombs. 

4.  mechanical  detonator  with  a long  and  Pointed  rod 

This  detonator  has  a lonr,  no intea  and  hollow  rod  attached  to 
the  front  end.  Before  the  bomb  touches  the  ground,  the  rod  first 
makes  contact  to  ignite  the  detonator.  Thus  the  tomb  explodes 
before  hittin~  the  taraet . This  increases  the  damage  capability 
of  serial  fragmentation  bombs. 

5.  Micro-detonators  in  cluster  bombs 

Durinr  the  Vietnam  War,  tbs  U.  3.  used  a variety  of  sma.ll 
bombs  and  ste^l-nellet  bombs.  New  detonators  were  specially  designed; 
mechanical  detonator  which  uses  centrifugal  force  and  electric-  1 
detonator  which  uses  self-capacitance  to  activate. 

6.  Dense  forest  detonator" 

In  response  to  the  Vietnam  Vhr,  two  types  of  detonators  were 
designed  for  bombinm  use  on  dense  forest. 

The  radio  detonators  rely  on  the  different  r-  fleetivity  of 
radio  waves  from  the  tree  leaves  and  from  the  ground*  By  Increasing 
the  size  of  the  antenna  so  that  it  has  better  reception  for  wav  s 
reflected  from  the  mound,  the  bomb  can  penetrate  the  forest  before 
exploding. 

A second  type  involves  a special  device  attached  to  the  centri- 
fugal mechanical  detonator  on  small  fragmentation  bombs.  When  the 
bomb  comes  into  contact  ith  tree  branches,  it  does  not  ex-lode. 

As  the  axial  rotation  of  the  bomb  slows  dawn,  the  special  device 
activates  the  detonator  so  that  it  detonates  the  bomb  when  it  hits 
the  target  or  the  ground. 


r f 

(7)  Doppler  Radar  Fuse 

It  is  a skew  moment  fuse  made  according  to  Doppler  principles.  When 

I a measurement  numerical  value  and  a preset  numerical  value  are  equal,  the 

fuse  will  lead  to  explode  a bomb. 

(8)  Infrared  Proximity  Fuse 

It  is  a completely  active  fuse  and  there  are  infrared  launcher  and 
receiver  set  at  its  two  sides  respectively.  When  a proximity  fuse  goes 
close  to  a certain  height  of  the  target,  it  will  lead  to  explode  the  bomb. 

If  this  fuse  is  used  at  a fragmentation  bomb,  it  can  make  the  killing  rate 

larger 

of  the  bomb  three  times  a than  using  a fuse  of  impact  type.  If  it  is 

used  at  an  incendiary  bomb,  it  can  help  to  widen  the  spread  area  of  the 
incendiary  agent.  One  more  merit  the  infrared  proximity  fuse  is  that  it 
cannot  be  eas'ly  interfered  by  enemy,  but  its  weakness  is  that  it  is  easily 
affected  by  the  sun. 

(9)  Shooting  Fuse 

It  is  composed  of  fluidic  generator,  fluidic  oscillator  and  calculator. 
Its  merit  is  that  it  has  good  reliability  and  accuracy  and  its  weakness 
is  that  its  structure  is  somewhat  too  complicated. 

(10)  Laser  Fuse 


Following  the  development  of  laser  guided  weapons,  laser  fuse  has 
correspondingly  developed.  The  one  that  is  used  at  US  solid  petrol  bomb 
is  a laser  fuse. 


A Brief  Talk  on  the  Equipment  of 
Bomb  Loading  and  Transporting 

Han  Chen- t sung 

It  would  be  an  unbearable  labor  to  load  bombs  on  an  aircraft  by  not 
using  machineries  but  depending  on  man  power  or  simple:  machine, and  sometimes 
it  is  simply  impossible  to  complete  the  task  by  man  power  only.  The  task 
must  be  done  by  the  help  of  machines,  which  can  easily  load  the  necessary 
bombs  on  an  aircraft.  Thus  not  only  are  the  ground  personnel  in  an  air 
field  released  from  the  unbearable  labor,  and  the  aircrafts  can  take  off 
on  time  without  missing  the  opportunity  of  fighting, and  consequently  the 
usefulness  of  the  aircrafts  is  promoted.  This  article  is  trying  to 
introduce  the  equipment  of  bomb  loading  and  transporting  which  has  been 
widely  used  by  air  force  in  various  countries. 

It  is  everyone's  common  knowledge  that  a bomb  is  drooped  from  an 

¥ 

aircraft.  Even^someone  never  has  the  chance  to  witness  the  dropping  of 
a bomb  from  an  aircraft,  one  must  understand  it  from  one's  readings  or 
movies.  But  how  to  load  a bomb,  which  is  sometimes  weighted  several  tens, 
hundreds  and  thousands  of  kilograms,  is  not  something  that  everyone  can 
understand.  Those  who  have  had  the  experience  of  serving  in  the  bomber 
division  of  air  force  may  know  that  bombs  are  always  suspended  on  holders 
in  the  bomb  cabin  or  underneath  the  wings  for  aircraft  to  tra  sport,  and 
customarily  the  work  of  loading  • the  bombs  is  called  "bomb  suspending". 

As  bombs  are  dangerous,  in  peace  time,  they  can  only  be  stored  in  the 
ammunition  depot  away  from  airfield.  For  safty  sake,  bombs  and  their 
ignitors  (such  as  fuse)  are  stored  separately,  and  only  shortly  before 
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loading,  they  are  transported  from  the  ammunition  depot  to  a special  area 
called  ammuniation  operation  zone  in  the  air^’eld,  where  they  receive  the 
service  of  cleaning  and  checking. 

For  loading,  the  bombs  first  are  carted  to  a spot  underneath 

the  aircraft  and  then  they  are  suspended  on  the  craft.  Practically  the 
loading  work  includes  two  parts:  1.  to  transport  the  bomb  from  an  ammunition 
depot  to  the  ammunition  operation  zone  then  to  the  spot  underneath  an 
aircraft,  and  2.  to  suspend  the  bomb  on  the  aircraft.  Equipment  used  in 
these  operations  is  generally  called  equipment  of  bomb  loading  and  transporting. 


In  the  earlier  days,  the  work  of  bomb  loading  and  transporting  depends 
mainly  on  man  power,  because  the  bombs  at  that  time  are  weighted  only 
several  or  several  tens  of  kilograms  and  the  loading  of  an  aircraft  is  also 

limited  to  a small  amount,  so  it  can  be  done  perfectly  by  man  power.  But 

greatly 

since  the  size  of  bombs  has  ^ increased  (from  several  hundreds  to 

several  thousands  of  kilograms) , and  the  loading  amount  of  an  aircraft  has 
increased  (from  several  to  several  ten  tons),  It  has  become  impossible  to 
complete  the  task  of  bomb  loading  and  transporting  by  man  power  only.  So 
some  simple  machanic  installations  have  begun  to  develop,  and  through 
continuous  improvement,  they  have  been  developed  into  a set  of  special 
equipment  of  bomb  loading  and  transporting.  At  the  present  time,  this 
equipment  generally  includes  two  parts:  the  soft  elevation  transporting 
system  and  the  ammunition  loading  carts. 


The  basic  technical  requirements  for  equipment  of  bomb  loading  and 


transporting  are  aafty,  power  saving  and  promptitude. 


Safty,  Power  Saving  and  Promptitude 


(Basic  requirements  for  equipment  of  l>omb  loading  and  transporting) 
Bombs  are  dangerous.  The  length  of  a big  bomb  can  reach  two  to  four 
meters  and  its  weight  can  be  several  hundreds  to  several  thousands  kilograms, 
and  its  charging  coefficient  can  be  50$  (charring  coefficients  the  ratio 
of  the  weight  of  poder  charged  in  the  bomb  and  the  total  weight  of  the 
bomb).  The  charging  coefficient  varies  from  different  bombs,  and  it  ranges 
from  15$  to  T)-80$. 
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o o t of  the  commonly  used  bombs  have  a filling  coefficient 
around  50^.  With  high  explosive  taking  up  half  of  the  tctal  weight 
of  a bomb,  accidental  explosion  in  nn  area  of  large  quantity  of 
explosive  is  unthinkable.  Thur'  both  loading  and  transportation 
facilities  must  include  devices  to  secure  the  bombs  (figure  l)  in 

O.A. 

order  to  nrevent  them  from  falling,  leading  to. explosion  or  woundin; 
of  workers. 


Secondlv,  lodin0:  should  minimize  human  effort,  meaning  the 
use  of  a ”■  1 i er*  force  to  1?  ft  and  transport  a heavy  bomb.  A m-~n 


bng  limits*  efrength . TTe  cannot  move  a wei  fit  h.f-s,vier  than  a 


hundred  kilo  mm  ms.  Thus  it  is  impossible  for  him  to  manually  load 
a bomb  that  weighs  several  hundred  kilograms.  Electric  motors 


provide  mreate-e  lifting  mower . And  consideration  of  efficiencv 


imnlies  that  mechanical  devices  should  be  coupled  in  use.  The 


combined  use  of  machines  such  as  pulleys,  beam  balance,  wheel  and 
axle  can  reduce  the  force  recuired  substantially,  from  the  physical 
view  point,  mechanical  devices  can  only  minimize  the  force,  but  not 
the  amount  of  work.  Generally  a smaller  force  means  longer  operating 
time.  do  sre'diness  and  labor  saving  are  two  conflicting  demands 


in  the  loading  process.  Tt  is  necessary  to  arrive  at  a compromise 
solution  that  saves  hum-n  energy  and  allows  loading  to  proceed,  at 


a reasonable  speed. 


Thirdly,  speedy  loading  is  required.  Modern  warfare  requires 
bombing  missions  be  carried  out  quickly  and  secretly  so  that  the 
enemy  does  not  have  sufficient  time  to  take  defensive  measures. 

As  we  discussed  before,  bomb  loading  can  only  be  carried  out  immediate- 
ly before  the  bombers  take  off.  Then  this  load in m process  becomes 
the  crucial,  factor  in  d termining  whether  the  bombers  can  take  off 
quickly,  for  some  1*  rep  bombers  which  carry  up  to  a hundred  bombs, 
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the  loading  time  could  t^ke  tore  th  n ten  hour  -. 


This  le& 


to 


th  Pollowin  - consequences;  First , with  th«  bomb<  p nd  r 
period,  cf  loading  on  the  • irfield,  recount  : • ' 

usually  reveals  that  an  attack  mis  ion  is  in  progress,  ’econd,  the 
longer  the  bombers  stay  on  the  ground,  the  r ter  tl  probability 
of  fn  air  attack  on  the  airfield,  ao  pe<- dv  lo-  inr  not  only 
guarantee  fast  take-off  to  achieve  a surprise  attack,  it  -Iso  re due 
the  chance  of  an  air  attack  from  the  enemy. 

hen  aircrafts  are  on  a continuous  bombing  sch<  3ule,  speedy 
loading  becomes  even  more  important.  Betwt  n lrndinv  a nd  t- ke-off , 
refueling  end.  bomb-loading  are  the  two  m.'  in  items  of  -round  work. 
Speedy  loading  short?  ns  the  time  a nlar.e  has  to  sp« 
and  increases  the  combat  usage  of  aircrafts. 

In  conclusion,  it  is  easy  to  see  that  speedy  lo*  !i-  **  *•  n 

important  tactical  recuirement  on  the  lordin~  f-ci Is ties. 

A Soft  Lift  end  Transport  System 

A soft  lift  and  transport  system  is  made  un  of  c^bleSj pulleys , 
winches  ( f i mirs  ?)  and  other  accessaries.  The  steel  cables  support 
end  transmit  forces.  Pulleys  can  be  fixed  or  movable.  fixed  pulleys 
are  used  to  change  the  direction  of  a force. while  moveble  pulleys 
reduc  s thp  force  requirement.  The  winch  is  the  part  of  the  system 
vhich  transmits  the  dynamic  force.  Its  principle  is  the  same  as 
the  wheel  and  axle  widely  us~-d  in  villages.  The  mreater  the  ratio 
of  the  radius  of  the  wheel  to  that  of  the  axle,  the  smaller  is  the 
force  rccuired.  The  winch  can  be  operated  by  hand  o^  by  an  electric 
motor. 

Th?3  ^oft  lift  and  transport,  svstem  is  an  old  model  of  loadinm 
and  transport  system  and  is  still  being  used  on  some  airnlnnes. 
Actually  the  lift  <-nd  transport  systems  are  two  separate  and  indep- 
endent parts.  The  lift  system  is  normally  mounted  on  the  airnlane. 
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Tt  can  bo  c- lied  a pulley-crane.  The  transport  system  is  • ground 
v • 'do  which,  rushed  by  hr-nd  or  nulled  by  other  vehicles,  trensoorts 
o b"  from  the  storage  ores  to  the  eirolane. 

To  ^“rr  1 , each  bomber  carries  two  to  four  w:  inch  os . ^ach 
’••• : noh  c n on"!  v lift  one  bomb  at  e time.  For  large  size  bombs,  two 
v.  ' zcu  r r re  v-cied. 

•“•he  m in  r iv'mt^^e  of  this  system  is  its  si  mole  set-un.  Tt 
Vi  c rr’od  on  board  the  plane  so  that  there  is  no  dependence 
on  r :nd  V C’lities.  Th  ire  ore  severe!  disadvantages  as  well. 

Vs  are  dislocation  between  the  lifting  end  trmnsnort  processes, 
low  lo-  '’in<",  a large  working  crew  and  heavy  work.  It  also  takes 
Ion."  tin  to  cV  nrc  cables  for  different  formats  of  bomb  loading. 

Th  se  :i  * 'V‘  ntages  become  obvious  when  an  airnlane  has  a large 
bomb  lo,i  1 or  when  the  bombs  ere  of  large  size.  As  a result,  most 
countr I 's  h-  v abandoned  this  method  of  loading  and  use  exnlosive- 
lo'  'in/'  vechicles  instead. 
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Key:  (1)  Wing  load  (kg/rn  );  (2)  Lift  coefficient;  (3)  Mach 

number,  (4)  Fighter,  (5)  Bomber  and  subsonic  attack  plane, 

(6)  This  diagram  illustrates  the  relationship  between  the 
static  ceiling  and  the  lift  coefficient,  the  fligh  Mach 
number  and  the  wing  load  of  an  airplane.  Knowing  three  allows 
the  fourth  quantity  to  be  determined.  To  determine  the 
ceiling:  1.  With  given  data,  estimate  the  wing  load  (ceiling 
weigh/wing  area),  ceiling  lift  coefficient  and  ceiling 
flight  Mach  number  (see  The  Ceilings  of  Aircraft  in  this 
issue).  2.  From  the  intersection  of  lines  of  constant 
wing  load  and  flight  Mach  number,  draw  a horizontal  line  to 
intersect  the  vertical  line  of  lift  coefficient.  The  altitude 
corresponding  to  this  intersection  is  the  ceiling  of  the 
aircraft.  See  example  1,  2,  3 in  the  diagram.  (7)  Supersonic 
speed,  (8)  Subsonic  speed,  (9)  Fighter  bomber,  (10)  Bomber, 
(11)  Fighter,  (12)  High  altitude  reconnaissance  plane,  (13) 
What  is  the  ceiling  of  an  aircraft;  (14)  Mach  number;  (15) 
Ceiling  height  (km). 
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